Abstract. The bb production cross section has been measured in collisions of 920 GeV protons off a nuclei target using the HERA-B detector. The identification of bb events was done via inclusive bottom quark decays into J/ψ by exploiting the longitudinal separation of the J/ψ → l + l − decay vertices from the primary proton nucleus interaction, where both the µ + µ − and the e + e − decay channels have been reconstructed. The first measurement, using data collected during a short period in 2000, yields a cross section in the combined analysis of σ (bb) = 32 +14 −12 (stat) +6 −7 (sys) nb/nucleon. On the most recent data samples taken in 2002/3, a much more accurate measurement with the uncertainties reduced to 10 % is expected.
INTRODUCTION
Despite the good theoretical description of open charm and charmonium production in various experimental environments, the open beauty production description is still not satisfactory at least for higher center of mass energies. While the behavior of differential cross sections as a function of kinematical variables is usually reproduced quite well, the absolute values are still in disagreement by a factor of 2 to 7 [1] . This has been observed by several experiments: in γγ reactions at LEP (OPAL [2] and L3 [3] ), in pp interactions at CDF [4] , and in ep scattering at HERA (H1 [5, 6] and ZEUS [7] ). Although new calculations for CDF of the theoretical cross section [8] reduced the discrepancy, the theoretical predictions contain still large uncertainties and the measured cross sections and QCD NLO expectations are not yet in good agreement [9] . This emphasizes the need of precise measurement of the bb production cross sections as an important input to perturbative QCD calculations.
For the measurement of σ (bb) in the kinematical region of √ s ≈ 40 GeV the recent situation is not satisfactory. Only two experimental measurements exist for this region those of the E789 [10] and E771 [11] collaborations (see. Tab. 1). Their results show large uncertainties and poor compatibility. A new accurate measurement is therefore highly desirable and would be a sensitive test for QCD predictions.
THE HERA-B EXPERIMENT
The HERA-B [12, 13 ] experiment ( Fig. 1 ) has been designed to identify B-mesons decays in a dense hadronic Exp.
Theory prediction: 9 ≤ σ (bb) ≤ 55 nb/nucleon environment with a large geometrical coverage. The B mesons are produced by interaction of the proton in the halo of the 920 GeV HERA beam with different target wires, which can be used individually or simultaneously.
Since there are various target materials available, the Adependence of heavy quark production can be measured. The events from different wires can be separated easily by applying accurate spatial separation cuts. The bb production cross section σ A bb on a nucleus of atomic number A is obtained from the inclusive reaction
The b-hadron decays into a J/ψ are distinguished from the large prompt J/ψ background by exploiting the long b lifetime in a detached vertex analysis. HERA-B is able to reconstruct the J/ψ either in the µ + µ − X or in the e + e − X decay channel. The availability of both channels is important to increase the statistics and to cross check the results. In the data taking period of 2002/03 starting in October 2002 HERA-B was routinely running and able to collect 164 · 10 6 events triggered by a dilepton J/ψ-trigger. The data were taken using a trigger configuration, selecting the events by the requirement of two pretrigger (PT) seeds originating either from the muon pre- 
MEASUREMENT
In order to minimize the systematic errors and to remove the dependence on the absolute luminosity determination, the σ (bb) cross section is measured relative to the known prompt J/ψ cross section σ A J/ψ [14, 15] . Within the HERA-B acceptance, the first fixed-target experiment covering the negative
, the cross section can be written as as:
where n B /n P are the observed b and prompt J/ψ events, ε R the relative efficiency (
% is the branching ratio measured at LEP [16] , ∆σ r TABLE 2. Reference J/ψ-prompt cross sections of other experiments.
Exp. Target
Au 800 442 ± 2 ± 88 0.9 ± 0.02 E771 Si 800 375 ± 4 ± 30 0.92 ± 0.008
is the reference (prompt J/ψ) cross section re-weighted to the HERA-B acceptance and finally ∆σ bb the measured cross section in HERA-B acceptance. The reference prompt J/ψ production cross section per nucleon σ (pN → J/ψX) was previously measured by two fixed target experiments (E789 and E771, see Tab. 2, [14, 15] ). After correcting for the most recent measurement of the nuclear dependence A α using α = 0.955 ± 0.005 (E866, [17] ) and scaling to HERA-B energies [18] a reference cross section of σ (pN → J/ψ) = (357 ± 8 ± 27) nb/nucleon is obtained. Within the acceptance of HERA-B only a fraction of f P = (77 ± 1) % [14] of the prompt J/ψ and f B = (90.6±0.5) % of the bb events can be measured. Therefore, the reference prompt J/ψ cross section to be used writes as:
Since no nuclear suppression has been observed in DMeson production [19] and a similar behavior is expected in the b channel, a nuclear dependence of α = 1.0 is assumed for the bb production cross section [20] 
MONTE CARLO MODELS
A Monte Carlo (MC) simulation is used to determine the efficiencies of Eq. 2 and to describe the background contribution of the prompt J/ψ events to the b → J/ψX decay channel. The simulation of heavy flavour quark (Q) production in pA → QQX interactions and the heavy quark hadronization in the nuclear environment is done using the PYTHIA 5.7 event generator [21] . For the remaining part of the process (X) as light quark production inside the nucleus, secondary interactions and pA inelastic interactions, the FRITIOF 7.02 [22] package is used.
The bb events generated by PYTHIA are weighted using a model with various contributions. First, the generated b-quark kinematics (x F , p T ) are given by a model by M. Mangano [23, 24] based on the most recent next-to-next-to-leading-logarithmic (NNLL) MRST parton density functions [25] a Gaussian distribution leading to k 2 T = 0.5 GeV 2 /c 2 [26] . Finally, the b fragmentation to hadrons is described by a Peterson function using a parameter of ε peterson = 0.006 [27] .
To obtain a realistic description of the kinematical distribution of the prompt J/ψ's, the generated events are re-weighted to match the known prompt J/ψ differential cross sections measured in proton-gold collisions [14] . These results were obtained in the positive x F (x f > −0.05) region while HERA-B has mainly access to the negative x f region. MC studies based on the Color Octet Model [28] of charmonium production show a symmetric X F distribution of the prompt J/ψ decays. Therefore the experimental parameterization of [14] was used to extrapolate to the full x F space.
PROMPT J/ψ SELECTION
Since the number of prompt J/ψ decays n P is used as a normalization factor of the bb cross section measurement, n P will be determined before applying the detached vertex cuts. The selection of the J/ψ → l + l − differs between the µ-and e-channel due to the different shapes of the background. To select the µ + µ − decays, a dimuon vertex is required in addition to muon identification cuts in the Muon and RICH systems. The final selection used for the analysis based on the data taken in 2000 is presented in Fig. 2 . The selection of the e-events is more difficult. Aside from the dilepton vertex two additional identifications cuts were applied:
• Electrons are fully absorbed in the ECAL, therefore the ratio of the cluster energy E associated with the track and the track momenta p should be around 1. The E/p spectrum has to be compatible with • Bremsstrahlung (BR) photons that are emitted by electrons traveling through the layers of material before the magnet keeping the original direction of the lepton. To purify the electron signal, a photon cluster in the ECAL could be required in conjunction with the electron.
In Fig. 3 the invariant mass distributions for the data taken in 2000 are presented. In addition to the requirement that E/p is within ±3σ it shows, how the significance of the signal improves by requiring 1 or 2 BR clusters.
DETACHED ANALYSIS
To identify b-hadrons from the decay chain in Eq. 1 their decay length ∆z, defined as the distance along the beam axis between the J/ψ decay vertex and the closest target wire, is used (Fig. 4) . Additionally, cuts on the 
The 2000 σ (bb) Measurement
To extract the number of detached J/ψ's N B , an unbinned likelihood fit was performed on the invariant mass spectra of the selected detached data. The target materials used in 2000 were mainly carbon (77 %, A = 12) and titanium (23 %, A = 48). Overall, in the e-channel a number of n B = 8.6 +3.9 −3.2 detached J/ψ's were found, compared to the number of n P = 5710 ± 380 of prompt J/ψ's. Due to the good knowledge of the particle identification efficiencies, no BR tag requirement was necessary and n P was determined applying a ±3 σ cut in E/p. For the µ-channel n B = 1.9 +2.2 −1.5 and n P = 2880 ± 60 was extracted. To get the maximum information on the bb production cross section a combined fit to the e + e − and µ + µ − data samples was performed (Fig. 5) delivering the final result in the HERA-B x F range of ∆σ (bb) = 30 +13 −11 nb/nucleon. Extrapolating to the full x F range a value of [29] σ (bb) = 32
was found. The main sources of systematic uncertainties originate (for µ/e) from the reference cross section (11 %), the b production and decay model (8 %), the trigger simulation (5 %) and the description of the background shape (11/20 %) and fluctuations (11/23 %). A first complete analysis of the bb production cross section was done on the sample shown in Fig. 8 corresponding to 16 % of the full µ + µ − data sample of 2002/3. The selection cuts for the detached J/ψ's were set to |∆z| > 0.4 cm, |∆z| > 12 · σ z and I P > 160 µm. Out of a total amount of n P = 22658 ± 172 prompt events a number of n B = 11 +4.4 −3.7 events within in the detached signal was extracted. Since this sample was taken using a carbon wire, a value of ∆σ C r = (245 ± 6 ± 19)nb/nucleon was calculated for the corresponding reference prompt J/ψ cross section.
The efficiency evaluations and the detached cut optimizations are under evaluation. The cuts are optimized by maximizing the significance function Σ = S/ √ S + BG, where S stands for signal events and BG for the corresponding background. Using B events from MC for the signal events, the background is described using various models including real data samples and MC events. Once the cuts are optimized on this subsample, they will be used in a blind analysis for the whole data sample to avoid any biased cut selection. Preliminary evaluation provide a measurement of the production cross section σ (bb) on the 2002/3 data in full agreement with the previous result (Eq. 4).
CONCLUSIONS
The measurement using the data of 2000 shows good agreement with QCD calculations beyond NLO [30, 31] and the existing experimental results (Fig. 9) [10, 11, 29] . The measurement with new data (2002/3), dealing with ∼ 30 times more statistics, can be used to reduce the theoretical uncertainties, originating mainly from uncertainties on the mass of the b-quark (m b ∈ [4.5, 5.0] GeV). To analyze the full data sample, the cut optimization will be done on the presented 16 % of the data. Afterwards, the fixed cuts will be used for a blind analysis on the full sample. For the whole available data sample, ∼ 95 detached J/ψ's in the µ-channel and ∼ 80 in the e-channel are expected, enabling us to improve the statistical and systematic errors of the first measurement in 2000. From the updated results, an input on b-quark mass and on QCD calculations is expected. A preliminary evaluation of the bb production cross sections with reduced statistics is fully compatible with the measurement of 2000.
Searches for exclusive b-decay search B ± → J/ψK ± , B 0 → J/ψK ± π ∓ and B 0 → J/ψK s are in progress, as well as searches for double semileptonic decays bb → µ µX, b → µνX. These analyses will provide alternative σ bb measurements and allow to cross check the inclusive cross section measurement.
